Introduction
We live in a technologically advanced age, but not in an ideal world. Magnetic resonance imaging (MRI) is the gold standard investigation for intracranial pathology, but is not widely available in developing countries. 1 Within the public health sector of South Africa, MRI is limited to a few tertiary institutions. Radiologists and clinicians in many centres must therefore rely on computed tomography (CT) of the brain as a first-line investigation for patients with suspected intracranial pathology. Traditionally these patients would be investigated with non-contrast-enhanced CT (NECT) followed by contrast-enhanced CT (CECT) of the brain.
Most pathological processes result in alterations in the blood-brain barrier that lead to local oedema and contrast enhancement. 1, 2, 3, 4 Imaging characteristics, including enhancement patterns, have been described for various pathological conditions. 1, 2, 3, 4, 5 It is well recognised that vascular abnormalities and isodense lesions could be undiagnosed on NECT and that CECT may subsequently demonstrate these lesions. 2 A CECT can also confirm, change or shorten the differential diagnosis. 1, 3 Important factors to consider before subjecting patients to CECT are:
• the risk of adverse events after intravenous injection of iodinated contrast media • the cost and time implication of doing an NECT and CECT of the brain • the radiation dose to the patient.
On the other hand, performing only an NECT poses a risk of missing abnormal findings that a CECT could detect. The omission of a CECT may lead to misdiagnosis or delayed diagnosis in patients with possible intracranial pathology.
Existing policies for the use of CECT were established in the 1970s based on experiences with early-generation CT scanners. 3, 6 Barrington et al. regarded CECT as unhelpful if the NECT was normal. 7 Later studies by Chishti et al. 1 and Huckman 2 demonstrated that pathology undiagnosed on NECT could subsequently be seen on CECT. Other authors suggested the use of contrast media in patients with normal NECT scans if there were focal clinical signs, 1, 3, 6 whilst some like Butler et al. were of the opinion that a CECT on its own was as accurate as an NECT and a CECT combined. 8 We have to consider that improved CT scanners with better resolution may mean that increased pathology would be detected on the NECT and could eliminate the need for performing a CECT of the brain.
To date, no study comparing NECT to CECT of the brain, utilising 64-slice CT technology, has been published.
Aim
The aim of this study was to determine the prevalence of occult abnormalities on an NECT of the brain (done on a 64-slice CT scanner), if a CECT was omitted.
Method
Ethics approval was obtained from the Medunsa Campus Research and Ethics Committee (MREC) of the University of Limpopo. A descriptive retrospective study was undertaken of patients who presented for a CT of the brain to the diagnostic radiology department of Dr George Mukhari Hospital, a tertiary provincial hospital in the Northern Tshwane district of Gauteng province, South Africa. Patient confidentiality was maintained during the study. All patients underwent an NECT directly followed by a CECT of the brain. Patients selected for the study were imaged during the period 01 October 2007 -30 September 2008. CT brain scans of all patients suspected of having intracranial pathology, referred for brain imaging, were considered. Patients were excluded if they had an acute head injury, an abnormal NECT of the brain, an incomplete CT study, or if severe artefacts were present on the CT images. All brain CT scans were performed on a Toshiba Aquilion model TSX-101A, a 64 multislice CT scan system. CT scans were viewed on a 1600 x 1200 pixel monitor and a high-definition video-card workstation. CT scans were evaluated by three reviewers (general radiologists). None of the reviewers were neuroradiologists. All CT scans were interpreted by the reviewers in the radiology department during working hours, simulating normal working conditions. Reviewers were blinded to their own interpretation of the NECT when the CECT was evaluated and vice versa. Reviewers were also blinded to each other's interpretation and to patient history. Only intracranial structures were evaluated; bony abnormalities and abnormal findings outside the skull were disregarded. The NECT and CECT were evaluated independently on separate occasions and separate datasheets were completed and then captured as follows: If two or three reviewers interpreted the scan as abnormal it was entered as 'abnormal'. If only one of the three reviewers interpreted a scan as abnormal, the scan was entered as 'undetermined'. All three reviewers had to agree that a scan was normal before it was entered as 'normal'. This process was done for both NECT and CECT. Discrepancies in interpretation were then resolved during a consensus meeting between all three reviewers. At this meeting reviewers also re-evaluated the cases with abnormal findings on CECT that were undiagnosed on the NECT, and a decision was made as to the visibility of the abnormal findings on the NECT. Both the NECT and CECT were reviewed consecutively. The reviewers were blinded to the history of the patient during the consensus meeting. The data was then updated. The records of cases with an undiagnosed abnormal finding on NECT were reviewed and summarised.
Statistics
Sample size was calculated assuming that a proportion of 0.4 brain NECT would be normal scans and the prevalence of undiagnosed abnormalities on NECT as compared to CECT would be 0.05. A significance threshold of 0.05 was selected. A minimum sample of 521 CT scans was required. The number of normal, abnormal and undetermined outcomes were counted within each group, using the Statistical Analysis System (SAS) (2010). A finding was regarded as undiagnosed if the consensus decision on the NECT was normal and the CECT abnormal. Inter-rater agreement was assessed with Kappa statistics using Medcalc (2011).
Results
A total of 992 patients were initially selected by the lead researcher. Cases with subtle abnormalities were included in the initial selection to reduce selection bias. Subsequent evaluation by all three reviewers excluded patients with subtle abnormalities on NECT, reducing the sample size to 726. The gender distribution was more or less equal. Age categories are summarised in Figure 1 . The majority of patients were between the ages of 1 and 39, with the largest group 30-39 years (139), the second largest group 1-9 years (127) and the third largest group 20-29 years (120).
Kappa statistics were performed between the reviewers on the CECT dataset before consensus was reached ( Table 1) . The inter-rater agreement between reviewer 1 and 3 was moderate but between reviewer 2 and other reviewers fair.
After the three reviewers reached consensus, the data was updated. Twenty-five cases were excluded as they were regarded to have an abnormal NECT. The number of patients with normal NECT was thus reduced to 701. Of the 701 patients that had a normal NECT, 23 (3.28%, CI 1.98-4.88%, p < 0.001) cases had abnormalities on the CECT.
The 23 cases with abnormal findings undiagnosed on the NECT were re-evaluated by the three reviewers during the consensus meeting. Thirteen (1.85%) of these cases had an identifiable abnormal finding on the NECT in retrospect and 10 cases (1.42%) were still deemed normal on NECT.
Abnormalities detected on CECT that were not detected by the NECT are summarised in Table 2 . Patient hospital records of only 15 of the 23 cases with abnormal findings undiagnosed on NECT were available from the hospital archives. Nine of these 15 cases had a history or clinical finding that would alert the radiologist to proceed with a CECT. Two cases had recorded fever, three had focal signs, three had confusion, three had meningism, three had convulsions and one had a recorded history of dehydration that poses a risk for dural venous sinus thrombosis.
Discussion
A CECT contributed extra information in 3.28% (23 out of 701 cases) of normal NECT of the brain. Retrospectively only 1.42% (10 out of 701 cases) had abnormal findings on CECT that were not visible on the NECT scans. The difference The abnormalities undiagnosed by the reviewers in this study (Table 2) can be classified into four main groups:
• Infective: meningitis (Figure 2 When records of cases with an undiagnosed finding were evaluated, it revealed that the majority of these patients had a history or clinical findings that would have guided the radiologist to perform a CECT.
In some cases, a reviewer reported the NECT study as abnormal, but after the administration of contrast media reported it as normal. This demonstrates that in some cases contrast media will help to eliminate false positive reports and help to confirm a normal brain CT in an equivocal NECT. Chishti et al. 1 also showed that a CECT can help reduce false positive findings on an NECT.
Undiagnosed findings on NECT may be attributed to several factors. These factors can be divided into imaging factors and reviewer factors. Imaging factors include the quality of the CT images, the density and size of the abnormal findings NECT, non-contrast-enhanced computed tomography; CECT, contrast-enhanced computed tomography. 
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NECT, non-contrast-enhanced computed tomography; CECT, contrast-enhanced computed tomography. 
and the presence or absence of secondary signs. Pathology will not be visible on an NECT when it is isodense to the surrounding parenchyma and when there are no secondary signs like oedema or mass effect. Reviewer factors can be cognitive or perceptive errors. Cognitive errors occur when the radiologist sees an abnormal finding but interprets it as a normal variant or a normal structure. Perceptive reviewer errors occur when the abnormal finding is overlooked by the reviewer. Perceptive errors are four times more common than cognitive errors. 9, 10 Errors can also be classified into false positive and false negative errors. 9, 10 False negative errors occur five times more commonly than false positive errors.
There are many other factors that influence the accuracy of a radiologist's report. Some of these factors are fatigue, interruptions, incomplete or inaccurate clinical history, unavailability of previous investigations for comparison, poor viewing conditions and poor quality examination. 9, 10 In this study, factors that could have affected the reviewers were: repeated interruptions, fatigue from reading multiple brain CT scans in short periods of time, long periods between reading sessions due to workload, shortage of staff and shortage of workstations. However, these factors are present in most departments and work environments in South Africa.
Our selection criteria may have created a bias, as convenience sampling was done. No history was available to the reviewers as a clinical history would have created an interpretive bias. NECT and CECT were read at different times in order to reduce a possible bias being created by reading two similar CT scans directly after each other. This also prevented the reviewers from reviewing their first evaluation of the NECT and making changes on the datasheet.
CT technology has changed dramatically in the last few years. CT scanners offer increased resolution, decreased radiation, multiplanar imaging and post-reconstruction processing functions. The most recent study by Chishti et al. 1 investigating the usefulness of intravenous iodinated contrast media in cranial CT from 1997 to 2001 had a total of 547 adult patients with CT scans performed on a third-generation CT scanner. The patients were divided into three groups. The first group of 496 patients had a normal NECT and no clinical indication for CECT, for example lateralising signs. In this group, only one patient (0.2%) had an abnormal CECT (a meningioma). In the second group of 16 patients with lateralising signs, only two patients (12.5%) had a normal NECT and an abnormal CECT (meningeal enhancement). In the third group of 35 patients (30 abnormal and 5 equivocal cranial NECT), the CECT changed the diagnosis in 12 cases and added to the differential diagnosis in 7 cases. Overall, in this study, an abnormality was seen exclusively on the CECT in 3 out of 547 cases (0.5%) and it changed the diagnosis in 15 cases (2.7%). The clinicians in this study had some limited access to an MRI and patients with demyelinating diseases, cranial nerve pathology, sella pathology, infection, metastasis and neoplasm were excluded from CT. In our setting, these patients would all receive a cranial CT before a MRI would be considered. This study suggests that taking the clinical history into consideration when deciding whether a CECT is indicated can reduce the risk of missing abnormal findings, although the number of patients in the group with lateralising signs and normal NECT was small. Comparing the results from the study conducted by Chishti et al. 1 to the results from the study reported here, despite marked differences in the methodology, both showed a very small prevalence of abnormal findings undiagnosed on NECT. Both studies also suggest that the risk can be reduced if history is taken into account when the decision is made whether to do a CECT or not.
Wood et al. 11 evaluated the value of CECT in the nontrauma patient in the emergency room. Only 3 out of 240 cases (0.0125%) had abnormalities on the CECT not initially evident on the NECT. In their study, the additional information did not alter patient management. They concluded that in the acute setting if an NECT is normal the CECT is usually not necessary. 11 The results of the study by Wood et al. 11 correlate with the study reported here although they reported fewer cases with additional findings on the CECT. This could probably be attributed to the higher tuberculosis and HIV burden in the South African population.
NECT, non-contrast-enhanced computed tomography; CECT, contrast-enhanced computed tomography. Radiation exposure is an important risk factor to consider when performing a CT of the brain. Ionising radiation has many documented adverse effects. The most serious is the induction of cancer. Cancer is a complication of radiation and has no threshold dose, thus even a small dose will have a small risk. The CT dose from each CT is cumulative. A recently published retrospective cohort study by Pearce et al. on radiation exposure from CT scans in childhood showed a positive association between the radiation dose from CT scans and the development of leukaemia and brain tumours. 12 The study estimates an excess relative risk (ERR) of 0.036 per mGy (CI 0.005-0.120; p = 0.0097) for leukaemia and an ERR of 0.023 per mGy (CI 0.010-0.049; p < 0.0001) for brain tumours following childhood exposure. The estimated brain dose received from a brain CT in the study by Pearce et al. 12 ranged between 28 and 44 mGy and the estimated red marrow dose ranged between 2 and 9 mGy. In the study by Pearce et al., cumulative doses of 50 mGy almost tripled the risk for leukaemia and cumulative doses of 60 mGy tripled the risk for brain tumours. 12 The effective dose of a brain CT is approximately 4 mSv, which is equivalent to 200 chest radiographs. 13 A pre-contrast and post-contrast CT result in double the radiation dose and would therefore carry double the risk for development of cancer. Radiologists must keep radiation exposure as low as reasonably achievable (the ALARA principle). This is another reason for re-evaluating CT protocol.
An important consideration is the risk of adverse reactions related to intravenous contrast media used in CECT. As with any drug, intravenous iodinated contrast media have a risk of adverse reactions. These can be divided into general and organ-specific reactions including nephro-, cardiovascular, pulmonary and neurotoxicity. 14, 15 General reactions can be subdivided into acute and delayed reactions, whilst acute reactions can be subdivided into mild, moderate and severe reactions. Mild reactions (nausea, vomiting, limited urticaria, extremity pain) have a reported incidence of 3% when using non-ionic intravenous contrast media (NICM). Moderate reactions (severe vomiting, extensive urticaria, dyspnoea, rigors and laryngeal oedema) have a reported incidence of 0.2% -0.4% and severe reactions (pulmonary oedema, hypotension, loss of consciousness, cardiac arrest and arrhythmias) are seen in 0.04% of NICM.
14,15 A review of 48 fatal reactions revealed renal failure (58%) as the most common cause of death followed by anaphylaxis and allergy (19%). 16 Cardiopulmonary arrest (10%), respiratory failure (8%), cerebrovascular incidents and hypoxia (4%) accounted for a quarter of deaths. 16 Contrastinduced nephropathy (CIN), the acute decline in renal function within 72 hours of intravenous contrast injection, is the most common organ-specific adverse reaction. Patients who develop CIN have an increased risk of developing chronic renal disease. 17 In the developing world, the cost of contrast media is always a factor that needs consideration. The cost of contrast media, the operational cost of the CT scanner and the number of CT scans performed per day. Throughput of patients can be increased if either NECT or CECT were performed. This would in turn also reduce the cost involved to both patient and department. The cost reduction includes servicing and electricity, radiographer time and contrast media costs.
Conclusion
In many centres in South Africa, CT remains the first-line diagnostic imaging investigation for suspected intracranial pathology. A diagnostically sound yet cost-effective approach to brain CT is required. The risk to the patient from iodinated intravenous contrast media and radiation exposure should be minimised but weighed against the risk of missing pathology.
In this study, only 3.28% of NECT scans had findings undiagnosed by three reviewers, with a reader error of 1.85%. It was noted retrospectively that 1.42% of cases had an abnormality only visible on CECT.
The radiation exposure and operational cost could be reduced and patient throughput increased by omitting either NECT or CECT. The risk of moderate and severe contrast-mediainduced adverse events is only slightly smaller than the prevalence of missing abnormal findings on a normal NECT. The possibility of missing occult findings could be reduced by assessing the history and evaluating the indications for a CECT.
Patients with fever, meningism, confusion, focal signs and a history suggestive of vascular lesions or risk factors for dural venous sinus thrombosis should have a CECT only. In patients with a normal NECT and none of these indications there is a small risk of missing abnormal findings on NECT, and CECT could therefore be omitted.
Doing only an NECT in carefully selected cases would reduce the total amount of iodinated intravenous contrast used in the department and thus reduce the cost with a small risk of missing occult pathology. The alternative of performing only a CECT would reduce the risk of missing pathology and reduce the radiation burden. This study, however, did not evaluate the use of CECT without performing NECT. A further study evaluating the advantages and disadvantages of only a CECT would be of value.
